ABSTRACT: Tungsten inert gas (TIG) welding, also called as gas tungsten welding (GTAW), use tungsten electrode for arcing. The tungsten alloy electrode is subjected to various temperature ranges during the welding process based on the welding time, welding current, welding pulse etc. Ultrasonic velocity for tungsten alloy test coupons held at 1500 deg C for 20, 40 and 60 minutes and at 1000 deg C, 1200deg C and 1500 deg C for 40 minutes period , were found to be strongly influenced by the elastic constants. Elastic constants shows better correlation with longitudinal velocity than shear velocity.
I. INTRODUCTION
Tungsten inert gas (TIG) welding, also called as gas tungsten welding (GTAW), uses a tungsten electrode for arcing. The tungsten electrode used in this welding process is a non-consumable one, i.e., the negative supply from an arc welding machine will be applied to the tungsten electrode to produce high intensity arc for welding (autogenous weld). Sometimes a filler wire, with relatively lower melting point, will be made to melt in the arc. The weld region is confined from atmospheric contamination by an inert gas (argon or helium), also called as shielding gas. Constantcurrent welding power source is used to generate energy across the arc through a column of highly ionized gas [1] . TIG welding is generally used to weld sections of stainless steel, alloy steels and non-ferrous metals. TIG welding machines of various capacities and technologies are commonly found in manufacturing industries and aerospace industries. The power plant equipment such as super-heater coils, re-heater coils, economizer coils of high pressure boilers are welded using this process [2] . The TIG process gives greater control over the weld allowing for stronger, higher quality welds than other welding processes such as shielded metal arc welding and gas metal arc welding. The schematic of TIG process is depicted in Fig. 1 .a. The electrode used in TIG welding is made of tungsten or a tungsten alloy, because tungsten has the highest melting temperature among pure metals, at 3,422 °C (6,192 °F) . Except due to some ero sion and burn off etc., the electrode is not consumed during welding. Electrodes have a clean finish or a ground finish, making them optimal for heat conduction. The diameter of the electrode can vary between 0.5 and 6.4 mm and their length can range from 75 to 610 mm. Photograph of various tungsten electrodes are shown in fig.1 .b Variety of tungsten alloys electrodes for use in TIG welding process have been standardized by the International Organization for Standardization in ISO 6848 and the American Welding Society in AWS A5.12. Pure tungsten electrodes (WP or EWP) are general purpose and low cost electrodes. However, they have poor heat resistance and electron emission; hence they find limited use in welding of alloys. Hence tungsten alloys are preferred for making electrodes. Tungsten-copper and tungsten-silver combinations are used in large quantities as electrical contact and welding electrode materials. Tungsten-nickel, tungsten-nickel-iron and tungsten molybdenum, combinations have been under intense investigation for missile and atomic energy applications for some years. Alloys of tungsten, nickel, and copper, generally referred to as heavy alloys and are also used as weighting devices, gyro rotors, fly wheels, in radiation shielding, missile systems etc [3] .
The material characterization of metals tested at STC will have large variation under various temperatures [4 -7] . The tungsten alloy electrode used in TIG welding process is subjected to various temperature ranges based on the welding time, welding current, welding pulse etc. Hence the objective of this paper is to study the characterization of tungsten alloys at different temperatures. Non Destructive Testing methods can offer large potential in evaluation of mechanical properties of these materials. Among the various NDT methods, ultrasonic technique can provide valuable information about the mechanical properties [8 -13] .Ultrasonic parameters (longitudinal and shear velocity) are also used for evaluation of mechanical properties and elastic mo duli of many engineering materials [14, 15] .
An experiment on tungsten heavy alloy (Tungsten 90% Nickel 5% and copper5%) was conducted to under the mechanical properties at various temperatures. The alloy is heat treated at 1500 degC for 20, 40 and 60 minutes and heat treated at 1000degC, 1200degC and 1500degC for 40 minutes, followed by water quenching. Elastic constants of these heat treated test coupons were estimated from longitudinal and shear wave velocities. The correlation between the ultrasonic velocities and elastic constants was also studied.
Paper is organized as follows. Section II describes the material under study and the experimental procedures. The results obtained from the experiment and detailed discussions are presented in Section III followed by conclusion.
II. MATERIALS AND METHODS
Tungsten alloy in the form of 3mm thick sheet was cut in to coupons of 1cm length 1 cm breadth and 3mm thickness. Test specimens were divided in to two sets. One set of specimens were heated in an Electric muffle furnace to 1500degC and held at this temperature for 20, 40 and 60 minutes followed by water quenching and the other set of specimens were heated at 1000degC, 1200degC and 1500degC for 40minutes followed by water quenching. No special protective environment was employed during heat treatment.
Ultrasonic tests were accomplished by the contact pulse Echo method. Ultrasonic velocity was determined by measuring the time taken for the ultrasonic waves to travel through thickness of the material. Ultrasonic longitudinal and shear wave velocities and density of material were used to calculate the four different Elastic constants Young's modulus (E), Bulk modulus(K), Shear modulus(G) and poisons ratio from the relations given as follows.
Density of the sample was determined using Archimedes principle and this value is used in Elastic constant calculations.
III. RESULTS AND DISCUSSIONS
The trend in change in ultrasonic velocity in tungsten alloy heat treated at 1500 deg C for 20, 40 and 60 minutes holding time and at 1000 deg C, 1200 deg C and 1500 deg C for 40minutes are shown in Fig. 2 and Fig. 3 . It has been reported that sound velocity decreases with increase in the grain size causes ultrasonic waves to take a longer path to cover the material thickness and thereby decreases the sound velocity drastically [16, 17] . Therefore initially the sound velocity is expected to decrease Contrary to this sound velocity was found to increase. At one point of time only the effect of grain size on longitudinal velocity dominates and then the longitudinal velocity decreases. Also we infer that even though grain coarsening reduced the velocity, Ultrasonic longitudinal velocity increases at 1200 deg C the effect of grain size on longitudinal velocity dominates and then onwards longitudinal velocity starts decreasing. Further the relationship between ultrasonic wave velocity and elastic constants was studied for the tungsten alloy specimens. The correlation between ultrasonic velocities and Young's modulus of the tungsten alloy heat treated at 1500 degree Celsius are shown in Fig.4 . The correlation between ultrasonic velocities and Bulk modulus of the tungsten alloy heat treated at 1500 degree Celsius are shown in Fig.5 . The correlation between ultrasonic velocities and Shear modulus of the tungsten alloy heat treated at 1500 degree Celsius are shown in Fig.6 . The correlation between ultrasonic velocities and Poisson's ratio of the tungsten alloy heat treated at 1500 degree Celsius are shown in Fig.7 . 
